Introduction {#S0001}
============

Retinopathy of prematurity (ROP) remains a leading cause of childhood blindness worldwide.[@CIT0001] Early use of conventional laser therapy, which has been recommended to treat stage 3+ ROP, results in better outcomes than does late laser treatment.[@CIT0002] Although the overall anatomical and visual outcomes of ROP have improved because of proper screening and laser treatment, the outcome of treatment for Zone-I ROP is still unsatisfactory.[@CIT0003]--[@CIT0005] The "Bevacizumab Eliminates the Angiogenic Threat of Retinopathy of Prematurity" (BEAT-ROP) study showed improved outcomes with intravitreal injection of bevacizumab (IVB) compared with conventional laser photocoagulation for Zone-I ROP.[@CIT0006] IVB is now commonly performed worldwide for ROP. IVB is also performed in adult patients with diabetic retinopathy, age-related macular degeneration, retinal vein occlusion. In previous reports on intraocular pressure (IOP) changes in adults, IVB resulted in a transient but significant increase in IOP, to 35--55 mmHg, immediately or within 1 min after the injection, thereby negatively affecting the retinal and optic nerve blood supply.[@CIT0007]--[@CIT0011] There is only one report about IOP changes after IVB for ROP. In that study, IVB resulted in a transient but significant increase in IOP, to 40.1 mmHg, immediately after the injection.[@CIT0012] The possible changes in IOP after IVB for ROP are still not fully known. Because the amount injected into the vitreous cavity differs between adults and neonatal infants, and, because the rigidity of the eyeball may differ between age groups, IOP changes after IVB for ROP might differ from IOP changes after injections in adults. In this study, we investigated such IOP changes in infants.

Subjects and Methods {#S0002}
====================

This prospective study was registered at [<http://www.umin.ac.jp>]{.ul} (No. UMIN000029512). This study protocol was approved by the Institutional Review Board/Ethics Committee of Shiga University of Medical Science Hospital and adhered to the tenets of the Declaration of Helsinki. This was a prospective case-series study of consecutive patients undergoing IVB for ROP from April to December 2018 at the university hospital. The parents of all participants signed informed consent forms before IVB treatment. Off-label use of bevacizumab was approved by the Institutional Review Board/Ethics Committee of Shiga University of Medical Science Hospital.

Patients with type 1 ROP (as defined by the Early Treatment for Retinopathy of Prematurity study)[@CIT0002] who received IVB were enrolled. Intravitreal injections were performed by two ophthalmologists. Topical 4% lidocaine hydrochloride and 1.25% povidone iodine were instilled in the eyes before intravitreal injection. Intravitreal injection of 0.625 mg (0.025 mL) bevacizumab was performed with a 29-gauge needle vertically through the pars plana 0.75--1.0 mm posterior to the limbus, with patients under general anesthesia induced by midazolam and fentanyl with tracheal cannulation. The needle was inserted approximately 3--5 mm into the eyeball before injection. IOP was measured just before IVB and at 1 min, 3, 10, 30 and 60 mins after injection, with an Icare^®^ PRO rebound tonometer (Icare, Helsinki, Finland). All measurement was performed under general anesthesia. We chose the general anesthesia to reduce the risk of adverse events by patient's movement. Axial length, depth of the anterior chamber and depth of the lens were measured with an AL 4000 ultrasound biometer (Tomey, Nagoya, Japan) at baseline.

Statistical analyses were performed using GraphPad Prism 6 software (GraphPad Software, Inc., La Jolla, CA). The results have been expressed as the mean ± standard deviation (SD) for continuous variables. The baseline values and individual values of IOP at each time-point were analyzed using paired t-tests. P-values less than 0.05 were considered significant.

Results {#S0003}
=======

Five patients (four boys and one girl) with type 1 ROP were enrolled in this study. Gestational age at birth ranged from 25 weeks 1 day to 32 weeks (mean: 26 weeks 4 days). Birth weights ranged from 428 to 1348 g (813.8 ± 333.7 g). PMA at the time of IVB ranged from 33 weeks 6 days to 38 weeks 6 days (mean: 35 weeks 6 days). For the treated eyes at the time of IVB: axial length ranged from 18.5 to 19.5 mm (19 ± 0.6 mm), depth of the anterior chamber ranged from 1.7 to 2.6 mm 2.0 ± 0.4 mm) and the thickness of the crystalline lens ranged from 3.6 to 4.4 mm (4.0 ± 0.3 mm). Measurements for the individual participants are provided in [Table 1](#T0001){ref-type="table"}.Table 1Baseline Characteristics of PatientsPatient No./ Sex/PMA(Weeks)Weight at Birth (g)Study EyeDay of InjectionAxial Length (mm)Depth of Anterior Chamber (mm)Thickness of Lens (mm)1/F/25w1d^a^428L36w2d18.641.653.62/M/32w1348L38w6d18.052.573.973/M/26w802L33w6d19.011.793.994/M/25w1d774L34w2d19.251.824.125/M/25w1d717L36w19.711.914.37[^1]

As shown in [Figure 1](#F0001){ref-type="fig"} and [Table 2](#T0002){ref-type="table"}, mean IOP was 8.0 ± 2.4 mmHg (6--11.5 mmHg) before IVB. The mean values of IOP were 20 ± 2.8 mmHg (16.4--22.1 mmHg), 14.6 ± 4.4 mmHg (16.4--22.1 mmHg), 11.2 ± 4.2 mmHg (6.4--16.5 mmHg), 9.3 ± 3.5 mmHg (5.8--13.2 mmHg), and 8.2 ± 1.4 mmHg (6.9--10.0 mmHg) at 1 min and 3, 10, 30 and 60 mins after IVB, respectively. Mean IOP after 1 min was significantly increased relative to IOP before injection (p = 0.02). IOP decreased between 1 min and 3 mins after IVB, although there was no statistically significant difference between the values at those two times. IOPs at 3, 10, 30 and 60 mins after injection were not significantly higher than the IOP before injection. The highest IOP measured in this study was 23.9 mmHg at 1 min after IVB; that patient's IOP had decreased to 18.4 mmHg at 3 mins after IVB.Table 2Intraocular Pressure (mmHg)Patient NoBefore IVB1 min After IVB3 mins After IVB10 mins After IVB30 mins After IVB60 mins After IVB16.323.918.416.512.89.629.420.312.86.45.810.0311.516.47.67.66.26.946.019.917.413.38.67.356.618.316.712.013.27.4[^2] Figure 1Changes in intraocular pressure (IOP) after intravitreal injection of bevacizumab. Only the IOP at 1 min after injection was significantly different from that at baseline "pre".

Discussion {#S0004}
==========

In adults, several reports have demonstrated acute IOP elevation after intravitreal injection, due to the acute increase in volume inside the eye.[@CIT0007]--[@CIT0011] The amount of bevacizumab used in ROP was 0.625 mg (0.025 mL), which is half of the amount for adults, whereas the ocular volume of neonatal infants at 37 weeks is almost one-third of that of adults, based on the axial lengths in a previous report.[@CIT0013] As is the case in adults, substantial IOP elevation was a concern regarding IVB for ROP. In adults, IOP has been reported to increase to 35--55 mmHg immediately after the injection or within 1 min.[@CIT0007]--[@CIT0011] In our study, mean IOP was 8.0 mmHg (6--11.5 mmHg) before the injection. At 1 min after the injection, IOP was significantly increased to 19.8 mmHg (16.4--23.9 mmHg). The post-injection IOP values remained at less than 30 mmHg in all of the eyes, with the highest IOP measured in this study being 23.9 mmHg at 1 min after IVB in patient No. 1. Therefore, IOP elevation after IVB in neonatal infants seems to be milder than that in adults.

The reason why IOP was elevated at 1 min is that bevacizumab was injected into the vitreous cavity which was closed space. As shown in [Table 2](#T0002){ref-type="table"}, the IOP might be gradually decreased from 1 min and the IOP at 3 mins was under 20 mmHg in all patients because the aqueous humor was absorbed through trabeculum. In addition, in this study, obvious reflux after IVB was not detected; however, very slow reflux which was not detected as a conjunctival bleb might be occurred. This reflux might also relate to the IOP decreasing.

There are several possible explanations for differences in IOP elevation after IVB between neonatal infants and adults. First, the amount injected into the vitreous cavity differs between adults and neonates. The volume of bevacizumab injected in adults is 0.05 mL, whereas the volume of bevacizumab was 0.025 mL for ROP in this study. The mean axial length was 23.2 ± 1.1 mm for adults in a previous report.[@CIT0014] In our study, the mean axial length was 18.9 ± 0.6 mm for neonatal infants. As would be expected, the ocular volume of these neonatal infants was smaller than that of adults, but the ocular volume of the infants was already almost half of that of adults, based on the axial lengths in the current report. The volume in each injection, as compared to the volume of vitreous, might cause the difference in results between adults and neonatal infants. Second, IOP of the infants at baseline was lower than that of adults. The mean IOP at baseline was 16.7 ± 3.5 mmHg for adults in the previous report.[@CIT0014] In our study, the IOP at baseline was 8.0 ± 2.4 mmHg for the infants. The difference in IOP at baseline might account for the different IOP changes between adults and neonatal infants. Intravitreal injections in adults are performed with only topical anesthesia, but IVB in the neonatal infants in this study was performed under general anesthesia. IOP decreased during general anesthesia in a previous report; IOP was 15.3 mmHg before induction of general anesthesia, but at the end of surgery, IOP was 11.2 mmHg (p \< 0.01).[@CIT0015] In another explanation, the drainage system of aqueous humor in the elderly may already be compromised and hence a big IOP spike compared to children. Therefore, there could be multiple factors contributing to the relatively small increase in IOP elevation after IVB for neonatal infants, as compared to the elevation for adults.

To our knowledge, there is only one earlier report about changes in IOP after IVB for ROP. IVB resulted in a transient but significant increase in IOP, to 40.1 mmHg from 12.3 mmHg, immediately after the injection in that report.[@CIT0012] In contrast, IOP elevation after IVB for neonatal infants was milder in our study than in the previous report. In both populations, there is a tripling of IOP from baseline. There are several possible explanations for differences in IOP elevation after IVB between this report and the previous report. The timing of the first IOP measurement after IVB was different between this report with measurements at 1 min after IVB and the previous one with measurement immediately after IVB, and, respectively, in the two studies. IOP (8.0 ± 2.4 mmHg) at baseline in this report was lower than it (12.3 ± 3.0 mmHg) in the previous report by Kato et al. All IOP measurements were performed under general anesthesia which was used the same medicine between this report and the previous report. Because the detail about anesthesia was not explained in the previous report, the dose might be different. In this report, we did not ophthalmic examination by ocular compression and/or RetCam (Clarity Medical, Pleasanton, CA). Such an examination might induce the IOP decreasing by ocular compression. Therefore, the difference of IOP at baseline was not be able to explain clearly. However, differences in IOP before IVB might also differentially impact the rate of IOP elevation in this study and the previous study.[@CIT0012] In both studies, Icare PRO was used to measure IOP. In the previous report, a 30-gauge needle was used, but in this report, a 29-gauge needle was used.

In this report, IOP elevation after IVB for neonatal infants was smaller in our study than in the previous report. The injected volume in this study was 0.025mL/0.625mg which was the same as in the BEAT-ROP study;[@CIT0006] however, the other report showed a dose of bevacizumab as low as 0.031 mg, or 5% of the dose used in the BEAT-ROP study,[@CIT0006] was effective in 9 of 9 eyes.[@CIT0019] In the future study, reduced dose might be recommended to treat the ROP.

A limitation of the current study was the small sample size. We cannot say that IVB for neonates would always be safe, so safety should be confirmed in a study with a larger sample size. The use of general anesthesia in this study also limits its widespread applicability. However, our results are useful because IVB is performed under general anesthesia at least in some institutes.[@CIT0016]--[@CIT0018]

Conclusion {#S0005}
==========

In conclusion, IOP was elevated at 1 min after the injection in all five infants. However, IOP elevation after IVB for neonatal infants may be mild, so the risk due to IOP after IVB for ROP might be limited.

We thank Claire Barnes, PhD, from Edanz Group for editing a draft of this manuscript.

Disclosure {#S0006}
==========

TH reports personal fees from Senju Pharmaceutical and Pfizer Japan; grants from JSPS KAKENHI and Novartis Pharmaceutical Company, outside the submitted work. YM reports personal fees from Maruho Co., JCR Pharmaceutical, Toyama Chemical Co., Sandoz, Kyowa Kirin Co., Otsuka Pharmaceutical, Ohtsuka Chemical Industrial, Pfizer, Actelion, Pharmaceuticals Japan, NovoNordisk, Sanofi and Alexion, outside the submitted work. MO reports grants and personal fees from Novartis, Santen Pharmaceutical, Alcon JAPAN, Otsuka Pharmaceutical, Senjyu Pharmaceutical, Pfizer and Bayer Yakuhin, grants from HOYA Corporation, personal fees from Allergan and Kowa Pharmaceutical company, outside the submitted work. The authors report no other conflicts of interest in this work.

[^1]: **Note:** ^a^25w1d (ie, 25 weeks plus 1 day).

    **Abbreviation:** PMA, postmenstrual age.

[^2]: **Abbreviation:** IVB, Intravitreal injection of bevacizumab.
